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ABSTRACT

Mixed-ligand metal (II) (M=Cu, Fe, Co and Zn) complexes containing 2-butanone thiosemicarbazone and 1, 10-
phenanthroline have been synthesized and characterized by melting point, FT-IR, 'H-NMR, UV-
spectrophotometry and molar conductance measurements. All the complexes were soluble in DMSO and DMF.
They were thermally stable with high melting points. The computational studies of the complexes were also per-
formed to assess toxicity potential, bioactivity score prediction and drug likeliness assessment based on various
drug filters. All the complexes showed no Veber’s violations whereas only Cu complex showed one Lipinski’s
violation. Almost all synthesized compounds were predicted to have no toxic effects. Some of them showed pos-
itive bioactivity as enzyme inhibitors. Molecular docking of the complexes was also performed against ribonu-
cleotide diphosphate reductase (RR) and topoisomerase II (Topo II) for minimum binding energy (kcal/mol) cal-
culations. Cu complex was found to have minimum binding energy (-101.13 kcal/mol) released on interaction
with Topo II showing a high affinity towards the enzyme, whereas Fe complex had the lowest binding energy (-
99.8349 kcal/mol) when docked with RR. The results were compared with two standard drugs i.e. doxorubicin
HCI and tetracycline. The ligand was tested for its potential anticancer activity against MDA-MB-231 cell line
using MTT assay. Antibacterial activity of the complexes was tested against Staphylococcus aureus and Esche-
richia coli using the disc diffusion method. Cu (IT) complex showed maximum activity against the MDA cells
and also exhibited mild antibacterial activity against S. aureus.

Keywords: Thiosemicarbazone, mixed, 1,10-phenanthroline, docking, bioactivity
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INTRODUCTION

Derivatives of 1,10-phenanthroline (1,10-
phen) have been widely used in coordination
chemistry (Chelucci et al., 2007). Many of
the derivatives have been shown to possess
various biological activities (Liu et al., 2001;
Sammes and Yahioglu, 1994). 1,10-
phenanthroline has a rigid framework and
possesses good chelating properties and can
bind to many metal ions. The presence of
two nitrogens enhances the coordination and
charge transfer ability (Felder-Flesch et al.,
2001; Liu et al., 2005). Thiosemicarbazones,
an important class of Schiff based ligands
possess good chelating properties. Transition
metal complexes with thiosemicarbazone
ligands have shown various pharmacological
properties (Kovala-Demertzi et al., 2007,
2003). Thiosemicarbazones containing het-
erocyclic donor atoms like sulphur and oxy-
gen have shown an array of biological activi-
ties (Gupta and Narayana, 1997; Khan et al.,
2013). The activity spectrum of the thio-
semicarbazones can be enhanced as shown
by their dependence on their substituents.
Minor modifications in the thiosemicarba-
zones can lead to significant changes in bio-
logical activity. 1,10-phen has two aromatic
nitrogens whose unshared electron pairs can
bind to cations (Sammes and Yahioglu,
1994) providing additional binding sites. The
n-electron deficiency makes it a good m-
acceptor (Farrell, 1989).

MATERIALS AND METHODS

Computational studies were performed
using computer aided softwares. Molecular
docking was done using iIGEMDOCK ver-
sion 2.0 and OSIRIS data warrior version
4.6.1 was used to assess toxicity whereas
Molinspiration version 2016.03 was used to
calculated bioactivity score and other physi-
cochemical properties. The structures of re-
ceptors topoisomerase II (Topo II) (PDB i.d.
4GFH) and ribonucleoside diphosphate re-
ductase (RR) (PDB i.d. 5SCNT) were down-
loaded  from  protein  data  bank
(http://www.rcsb.org/pdb/home/home.do);

Biovia Discovery Studio visualizer version
16.1.0 and Lig Plus plot version 1.4.5 were
used to visualize docking poses. All the
chemical structures were drawn in Chem
Draw Professionals version 15.1. The meta-
bolic sites in the ligands were predicted us-
ing Metaprint 2D in Bioclipse version 2.6.2.
All the chemicals used in the study were of
A.R. grade and purchased from commercial
suppliers and used without any further puri-
fication. Hydrated salts of metals viz.
Cu(CH3CO00)2.H20, ZnSO0Os. 7H20,
CoCl2.6H20 and FeSO4.7H20, were used for
complex formation. IR spectra were recorded
on a Bruker vertex 70 IR spectrophotometer
in the frequency range 4000-500 cm—! using
KBr pellet method. '"H NMR spectra were
recorded on a Bruker spectrophotometer on
500.1 MHz at 295 Kin the range of 0-10 &
using tetramethylsilane (TMS) as an internal
standard and run in dimethyl sulfoxide
(DMSO)-ds. Melting points were assessed in
Ambassador electrical melting point appa-
ratus up to 400 °C by the open glass capil-
lary method. UV spectra were recorded on a
SpectraMax-5 spectrophotometer (Molecular
Devices) in the range 200-400 nm. Conduc-
tivity measurements were made on an EI
Deluxe conductivity meter, Model-601, in
DMSO (1.0 x 102 mol). For biological activ-
ity evaluation, 0.4 % Trypan blue, PBS (pH
= 7.2, 1x), 0.25% trypsin-EDTA (1x%),
DMEM/F-12 (1x) (Dulbecco’s modified Ea-
gle’s medium), and antibiotic/antimycotic so-
lution (100x) were obtained from Gibco,
Life Technologies, whereas fetal bovine se-
rum (FBS) and MTT were obtained from
HiMedia. DMSO was purchased from Calbi-
ochem. MDAMB- 231 (human breast carci-
noma, ER-, tumorigenic and invasive), ab-
breviated as MDA cells were obtained from
the National Centre for Cell Science
(NCCS), Pune, India.

Molecular docking studies

The molecular docking studies of the
synthesized compounds were done using
iIGEMDOCK software. iGEMDOCK is a
graphical interface which recognizes phar-
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macological interactions (Hsu et al., 2011).
Before docking, the ligands’ energy minimi-
zation was performed by Merck Molecular
Force Field (MMFF94). Docking studies
help understand the molecular interaction
with two protein targets, topoisomerase II
(Topo II) and ribonucleotide diphosphate re-
ductase (RR) to investigate the potential
binding mode and energy.

Toxicity potential assessment

The complexes were computationally
screened for any mutagenic, tumorigenic, ir-
ritant and reproductive toxicity risks. The
toxicity risk was predicted by means of pre-
computed set of structural fragments. The
prediction of different properties of mole-
cules in the early stage is a vital step in drug
discovery and development process. Toxic
parameters of the ligand and complexes were
generated by OSIRIS Data Warrior software
version 4.6.1.

Bioactivity score prediction

Overall medicinal potential of a com-
pound is predicted from its drug score.
Through Molinspiration, the bioactivity
score of the synthesized compounds against
regular human receptors such as G-protein
coupled receptors, nuclear receptor ligands,
ion channel modulators, kinase inhibitors,
nuclear receptors, proteases and enzyme in-
hibitors. As a general rule, greater is the bio-
activity score, higher is the probability that
investigated compound would be active.
Therefore, a molecule having bioactivity
score of more than 0.0 is most likely to pos-
sess considerable biological activities in clin-
ical trial stage, while values ranging from -
5.0 to 0.0 are expected to be moderately ac-
tive and if the score is less than -5.0, it is
presumed to be inactive (Verma, 2012).

Evaluation of drug likeliness

Drug likeliness of the complexes pos-
sessing acceptable physicochemical proper-
ties was done using the following filtering
rules:

1. Lipinski’s rule of five: Based on a set of
counting rules, it is an important scale used
for lead optimization. The rule describes mo-
lecular properties of a proposed compound
explaining several pharmacokinetic parame-
ters. A molecule is compatible with
Lipinski’s rule if:

1. its molecular weight is less than 500

2. the calculated logarithm of the octanol-
water partition coefficient (cLogP) is less
than 5

3. there are less than 5 hydrogen bond donor
atoms

4. the sum of the number of nitrogen and ox-
ygen atoms is less than 10.

The rule has achieved widespread ac-
ceptance while defining the limiting proper-
ties of most orally active drugs which are ab-
sorbed by passive mechanisms (Lipinski et
al.,2001).

2. Veber Rules: Veber et al. (2002) ob-
served that reduced molecular flexibility and
low polar surface area as two important pre-
dictors of good oral bioavailability. Mem-
brane permeability is an important require-
ment for oral bioavailability (Veber et al.,
2002). Reduced polar surface correlates with
increased permeation rate than lipophilicity
(cLogP) does and with the increase in num-
ber of rotatable bonds permeation decreases
significantly. Following two criteria to be
met by a potential drug candidate for oral bi-
oavailability:
1. 10 or fewer rotatable bonds
2. Polar surface area equal to or less than
140 A% (or 12 or fewer H-bond donors and
acceptors)

All the synthesized complexes showed
no violations for Veber’s filter.

3. Ghose filter: Molecular lipophilicity and
molar refractivity of drug molecules are im-
portant features which strongly influence re-
ceptor binding, cellular uptake and bioavail-
ability. Being fragmental constants, they rep-
resent the hydrophobic and dispersive (van
der Waals) interactions (Ghose and Crippen,
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1987). These properties may be used to de-
velop a consensus definition of drug like
character. The approach was used by Ghose
and Crippen (1987) to provide quantitative
and qualitative characterization of known
drugs under the comprehensive medicinal
chemistry (CMC) database. The quantitative
characterization was based on computed
physicochemical properties such as logP,
molar refractivity, MW and number of at-
oms. The qualifying range for different pa-
rameters as per Ghose filter is:

1. clogP should be between -0.4 and 5.6,
with an average value of 2.52.

2. For MW, the qualifying range is between
160 and 480, with an average value of 357.

3. For molar refractivity, the qualifying
range is 40-130, with an average value of 97.
4. For the total number of atoms, the qualify-
ing range is between 20 and 70, with an av-
erage value of 48.

The effective range of these physico-
chemical properties can be used for design-
ing drug-libraries and to test hypothetically
proposed compounds before the stage of ex-
perimentation (Ghose et al.,1999).

4. Leadlikeliness: In their analysis to look
for common sources of leads for drug dis-
covery, Teague et al. (1999) have described
that leadlike molecules should have low af-
finity (>0.1 uM). Where the lead is an ago-
nist the EDso is taken to be a maximal value
for the affinity of the molecule having the
following requirements:

1. Molecular Weight <350

2. cLogP< 3.

Figure 1: Reaction scheme of the synthesis

Metaprint 2D prediction

The probable metabolic sites in the pri-
mary ligand, 2-butanone thiosemicarbazone
(L1) and secondary ligand 1,10-phenan-
throline (L2) were predicted using Metaprint
2D (Lahari et al., 2015). To understand the
metabolic pathways of a new chemical enti-
ty, it is of utmost importance to know the
metabolic mechanism. Metaprint 2D is a
software predicting the probable sites most
likely to undergo metabolism (Carlsson et
al., 2010). Through coloured circular finger-
prints normalized occurrence ratio (NOR) is
predicted.

Synthesis of the complexes

The ligand 2-butanone thiosemicarba-
zone (Li) was prepared using a previously
reported procedure with some modifications
(Kumar and Kumar; 2013, Khan et al.,
2017). The synthesis of complexes was done
in 1:1:1 molar ratio. 0.003 M of the metal
salt was dissolved in methanol with constant
stirring on a magnetic stirrer. 0.003 M of
ethanolic solution of 1,10phenethroline (L2)
was added in the metal salt solution drop-
wise and the mixture was stirred for another
half an hour. To the metal and secondary lig-
and solution, 0.003M of ethanolic 2-
butanone thiosemicarbazone was added and
the contents were stirred for about 45
minutes. The contents were refluxed for 4-5
hours after which coloured precipitate was
obtained which was filtered under suction
and washed with ethanol and dried in desic-
cator. Same procedure was repeated every
time. The synthetic scheme of the reaction is
presented in Figure 1.

M = Cu, Co, Zn, Fe in +2
\ = Anion (CH;COO", CI', SO,%)
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Biological activity evaluation

MDA-MB-231 cell line was maintained
by sub culturing and passaging as monolay-
ers 25- and 75-cm? cell culture flasks (Nest,
Tarsons) at 37 °C in a 5 % COz incubator at
95 % humidity for producing HCO3 buffer-
ing capacity (Khajah et al., 2013) in Cell and
Tissue Culture Lab, Dept. of Biochemistry,
Era’s Lucknow Medical College, Era Uni-
versity, Lucknow. The cells were maintained
at pH 7.4 in DMEM containing phenol red as
a pH indicator and supplemented with 5 %
FBS. The medium, prior to being used in cell
culture experiments, was vacuum filtered us-
ing a Corning filtration system (Corning®,
Sigma-Aldrich).

Methyl tetrazolium assay (MTT)

MTT assay was performed as per pub-
lished protocol (Mosmann, 1983). The ex-
periment was performed in 96-well micro-
titer tissue culture plates (Linbro, MP Bio-
medicals). MDA cells were seeded at a den-
sity of 10* in 200 uL of medium in a 96-well
microtiter tissue culture plate and cultured in
a humidified 5 % COz incubator at 37 °C for
24 h. 20-100 puM of complexes in 50 %
DMSO were freshly prepared in culture me-
dia by serial dilution was carried out in cell
culture media so that the final concentration
of DMSO in the well did not exceed 0.5 %
(v/v). Three control wells containing the me-
dium only were also included as blank. After
an incubation period of 24 h, cells were
treated with the complexes for 48 h and the
experiment was performed in triplicates.
Equal volumes of 50 % DMSO (in cell cul-
ture media) were used as vehicle controls.
50 % DMSO (in cell culture media) in equal
volumes were used as vehicle controls. At
the end of treatment, cell culture medium
containing varying amounts of complexes
was removed and 20 pL of MTT (stock
made in PSS at 5.0 mg/mL) reagent was
added to each well and incubated for 4 h.
Thereafter, MTT was removed and formazan
crystals were dissolved in 200 pL. of DMSO.
The plates were read in a Bio-Rad PW4l
ELISA plate reader at a wavelength of 570

nm with a reference wavelength of 630 nm.
Percentage cell viability (Y-axis) was calcu-
lated from absorbance and plotted against
concentration in micromolar (X-axis).

% Cell survival was calculated as = {(AT —
AB)/(AC — AB)} x 100

Where:

AT = Absorbance of treatment well

AB = Absorbance of blank

Ac = Absorbance of control well

% cell inhibition = 100 — Cell Survival.

Antibacterial activity

The in vitro antibacterial activity of the
complexes was evaluated against S. aureus
(Gram-positive) and E. coli (Gram-negative)
bacteria by the disc diffusion method (Al-
Amiery et al., 2010) using Mueller-Hinton
agar (MHA) medium. The bacteria were
subcultured in the agar medium and were in-
cubated for 24 h at 37 °C. The discs (sterile
filter paper discs, Whatman No. 1.0), having
a diameter of 5 mm, were then soaked in the
test solutions with the appropriate equivalent
amounts of the ligand and its four complexes
dissolved in sterile 50 % DMSO at concen-
trations of 2-30 mg/disc and placed on lawn
culture of the respective microbial organism
and stored in an incubator for the previously
mentioned period of time. Formation of in-
hibition zone (if any) around each disc was
measured, and the results were recorded in
the form of inhibition zones as a function of
diameter (mm). To clarify any effect of
DMSO (used as a vehicle for the dissolution
of the ligand and its complexes) on biologi-
cal screening, 50 % DMSO was used as neg-
ative control where it showed no activity
against any bacterial strains. Tetracycline
was used as a positive control.

RESULTS AND DISCUSSION

Molecular docking

Molecular docking studies allow us to
characterize the behavior of molecules in the
binding site of target proteins. Docking helps
to understand and elucidate fundamental bi-
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ochemical processes. The synthesized
mixed-ligand metal complexes and reference
drugs were subjected to molecular docking
studies using the iIGEMDOCK software to
understand the drug molecule interaction
with RR and Topo II enzymes in terms of
minimum binding energy (kcal/mol), number
of hydrogen bonds, pi-pi interactions, pi-
sigma interactions and atomic charge interac-
tions, the residual amino acids in proteins in-
teracting with the complexes. Thiosemi-
carbazone compounds have been found to
inhibit RR and Topo II (Khan et al., 2015).
1GEMDOCK is a useful software which pro-
vides associative interfaces to construct the
binding sites of the target protein and the
screening compound. Using the standard
docking mode molecular docking was per-
formed in a flexible manner. Genetic algo-
rithm (GA) parameters were set as 200 popu-
lation size and 70 generations in 10 numbers
of solutions. After post-docking minimiza-
tion, the pose with the minimal binding en-
ergy was used for accurate docking for
greater accuracy. For accurate docking
mode, GA parameters were set as 800 popu-
lation size with 80 generations in 10 num-
bers of solutions. After docking is performed
the software brings out protein interaction
profile of van der Waals, electrostatic and
hydrogen bonding interactions (Balavignesh
and Srinivasan, 2013). The target proteins
RR and Topo II were downloaded in pdb
format from protein data bank. The binding
sites of the targets were prepared and the en-

ergy minimized compounds were imported.
Docking process included preparation of
molecules and then bonds, bond orders and
flexible torsions were assigned to both the
proteins and ligands. Docking was done be-
tween protein and ligand resulting in binding
affinities in kcal/mol and docking run time.
The compound giving the lowest binding en-
ergy is the best inhibitor (Middleton, 1998).
The overall binding interactions are given in
Tables 1-2 and docking poses with Topo II
and RR are presented in Figures 2 and 3.

The empirical scoring function of
1GEMDOCK was estimated as

Fitness= vdW-+Hbond+Elec.

vdW= vander Waal energy
Hbond= Hydrogen bonding
Elec= Electrostatic energy

The negative value of binding energy
shows spontaneous binding process. Larger
the negative value of the binding energy,
greater is the ease of binding and greater is
the possibility of the compound to be accept-
ed as a drug molecule (Balavignesh and
Srinivasan, 2013). Cu complex was found to
have minimum binding energy (-101.13
kcal/mol) released on interaction with Topo
IT showing a high affinity towards the en-
zyme, whereas Fe complex had the lowest
binding energy (-99.8349 kcal/mol) when
docked with RR.
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Table 1: Docking results of synthesized compounds against Topo Il

Complex

Cu
Fe
Co

Zn

Tetra-
cycline

Target protein: Topoisomerase |l
(PDB ID: 4GFH)

Interacting amino acids

TE®
-101.13

-96.3318

-96.7383

-93.0188

-101.097

Doxorubicin HCI  -117.15

VDWP
-81.1348

-92.6573
-83.0369
-79.1811
-77.7946

-86.88

HB®
-19.9953

-1.99668

-13.7015

-13.8377

-23.302

-30.2702

El
0

-1.6778
0
0
0

0

H-bond/DistanceA
GIn119/3.20, Asp120/2.96

Thr427/2.94
GIn342/2.64and3.14
Asp120/2.99

Thr427/3.10, Gly428/3.07

Lys190/3.03, GIn399/3.03
Thr404/2.90and3.00, Asn693/2.70

m-Interactions
His121, Ser124, Lys127, lle155, Tyr171, Val254,
Leu255, Lys270, Glu271, Leu274
Asn72, His125, Leu129, Ala233, Phe234, Arg242,
Phe275, Asp279, lle425, Gly426
Lys292, Gly339, Ser347, Asn348,
Asn420, Gly421, Ala422, Glu423, Arg498, Trp500
Glu4d1, Ser44, Asp118, Try194, Lys195, His327,
His328, Gly329
Asn72, Lys236, Ala239, Arg242, Lys243, lle425,
Gly426, Ser430
GIn191, Tyr193, Asp401, GIn402, Lys403, GIn689,
Val694

a= Total energy, P= van der Waal’s energy,

Table 2: Docking results of synthesized compounds against RR

¢= Hydrogen bonding, ¢= Electrostatic interaction

Complex

Cu
Fe

Co

Zn
Tetra-
cycline

Doxorubicin
HCI

Target protein: Riboucleotide Diphos-
phate reeducate (PDB ID: 5CNT)

Interacting amino acids

TE?

-94.5194  -82.4987

-99.1292 -70.5905

-113.695 -74.0269

-136.747 -96.8862

VDWP
-93.7964 -77.3616

-99.8349 -65.4296

HB®

-16.4348
-29.2019

-12.0207

-28.5387

-39.6684

-39.8613

Eld
0

-5.2035

H-bond/DistanceA
Arg10/3.02

Thr209/3.05, Arg298/3.20 Glu623/3.23,
Thr624/3.06 Cys439/2.75, Tyr730/2.73

Cys439/2.29, Tyr731/2.63

Thr209/3.07and3.10, Arg298 3.13and2.67,
Thr624/2.61, 2.93and 3.34, Ser625/3.10
GIn150/3.16, Lys154/2.74 Thr209/2.77,
Cys439/2.77, Thr624 2.54, 2.60,

2.77and3.24

- Interactions
Ser56, His88, Lys92, Glu164
Ser224, Cys225, Leu438, Glu441, Leud64,
Met620, Pro621, Ser622, Ser625.
Thr209, Ser224, Cys225, Arg298, Asn437,
Leud38, Leud64, Pro621, Ser622, Glu623,
Thr624, Thy730.
Arg411, Glu623, Arg639, Tyr731

Pro208, Ser224, Ala301, Leu438, Cys439,
Leud64, Glu623, Tyr730, Tyr731.

Tyr155, Pro208, Ser224, Ala301, Leu464,
Pro621, Ser622, Glu623, Ser625, Glu 627,
Ala646, Tyr730, Tyr731.

aTotal energy, Pvan der Waal's energy, “Hydrogen bonding, “Electrostatic interaction
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Figure 2: Docking poses of Topo Il with a) Cu(ll) complex, b) Fe(ll) complex, c) Co(ll) complex, d)

Zn(ll) complex, e) Doxorubicin HCI, f) Tetracycline
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Physicochemical parameters of the
compounds

Table 3 depicts molecular properties of
the parent ligand and its proposed hetero-
ligand complexes versus reference drugs by
applying various drug rules and filters (vide
supra). Almost all the synthesized complexes
met with the criteria of the applied rules
showing drug-like character. At the most one
violation was obtained in each case. Molecu-
lar weights of three complexes were <500
and hence it could be predicted that these
complexes can be easily transported, dif-
fused and absorbed. Number of rotatable
bonds in all the complexes were <10 indicat-
ing their lesser molecular flexibility. TPSA
which is correlated with the hydrogen bond-
ing of a molecule is a good indicator of the
bioavailability of the drug molecule. Osiris
tool identified the property based on summa-
tion of surface contributors of polar frag-
ments (Ertl et al., 2000). TPSA of all the
synthesized complexes was in the range
48.83-101.4 that was well below the limit of
<160 A.

Toxicity potential

Table 4 represents the toxicity potential
assessment data of the complexes as calcu-
lated by OSIRIS Property Explorer. The
software predicts the toxicity potential based
on the similarities of the investigated com-
pounds with the known compounds in its da-
tabase. The computational toxicity risk as-
sessment is necessary to avoid unsuitable or
further drug screening, if the compounds are
predicted to have adverse side effects on bio-
logical system (Balakrishnan et al., 2015).
The predictions are colour coded. Colour red
indicates high risk of undesired effects while
a green color predicts conformation to drug-
like behavior and compatibility (Husain et
al., 2016).

Bioactivity score prediction

The bioactivity scores of all the proposed
complexes are depicted in Table 5. As a gen-
eral rule, greater is the bioactivity score,
higher is the probability that investigated

compound would be active. Therefore, a
molecule having bioactivity score of more
than 0.0 is most likely to possess considera-
ble biological activities, while values ranging
from

-5.0 to 0.0 are expected to be moderately ac-
tive and if the score is less than -5.0, it is
presumed to be inactive (Verma 2012).
Against ICM and EI all the complexes
showed good bioactivity score. Against
GPCR and PI, Zn and Fe complexes showed
positive bioactivity score.

Evaluation of drug likeliness

The compounds were evaluated on
Lipinski, Veber, Ghose and Lead likeliness
parameters as summarized in Table 6.

All the synthesized complexes showed
no Ghose violation whereas the standard an-
ticancer drug doxorubicin HCl showed two
violations for Ghose filter. Likewise for
Lipinski’s filter only Cu(II) complex showed
one violation and rest of the compounds had
zero violations. Doxorubicin-HCI and tetra-
cycline showed three and one violation re-
spectively in case of Lipinski’s filter.

Meta print 2D prediction for the ligands

While understanding the metabolic
pathways of a new chemical entity (NCE) it
is of great importance to understand how a
compound would be metabolized in human
beings. Metaprint 2D predicts the sites likely
to undergo metabolism (Carlsson et al.,
2010) as shown in Figure 4. The predictor
uses circular fingerprints to indicate the sites
of metabolism. The colour highlighting of an
atom indicates its normalized occurrence ra-
tio (NOR). A high NOR indicates a more
frequently reported site of metabolism in the
metabolite database. Different colours indi-
cate different extents of metabolic sites.
1,10-phenanthroline was predicted to have
several probable sites likely to undergo me-
tabolism.
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Table 3: Physicochemical parameters of the compounds

nArom.

Complex miLogP?  TPSAP(A)2  %ABS® nAtom Atom NOHNH! nONe nRBf  MwWe MRP
[Cu (1,10-phen)(CsH11N3S) (CH3COO)2] -6.15 101.44 74.00 32 14 3 9 5 507.07 131.33
[Fe (1,10-phen)(CsH11N3S) SO4] -6.29 101.44 74.00 29 14 3 9 1 477.35 118.55
[Co (1,10-phen)(CsH11NsS) Clz] -5.97 48.83 92.15 26 14 3 5 1 45528 119.13
[Zn (1,10-phen)(CsH11N3S) SO4] -6.18 101.44 74.00 29 14 3 9 1 486.89 118.55
aLogarithm of compound partition coefficient between n-octanol and water

b Topological polar surface area (Defined as a sum of surfaces of polar atoms in a molecule)

¢ Percentage of Absorption was calculated by: % of Absorption= 109 —[0.345 x Topological Polar Surface Area]

9Number hydrogen bond donor

¢ Number hydrogen bond acceptor

fNumber of rotatable bonds

9 Molecular weight

h Molar refractivity

Table 4: Drug-likeness and toxicity calculations of metal complexes based on Osiris property explorer

Complex Mu? Tub Rep® Irrid clogP® clogS' DLY
[Cu (1,10-phen)(CsH11N3S) (CHsCOO)s] - - - - 0.8498 -9.236 -1.3194
[Fe (1,10-phen)(CsH11NsS) SO4] - - - 0.8626 -8.772 -3.7462
[Co (1,10-phen)(CsH11NsS) Cl3] - - - - 1.2982 -11.448 -1.4101
[Zn (1,10-phen)(CsH11NsS) SO4] - - 0.8626 -8.772 -3.7462
Doxorubicin HCI - - - - 0.57 -4.51 6.65
Tetracycline - - - - -0.69 1.27 5.57

@ Mutagenic

® Tumorigenic

¢Reproductive effective

9 [rritant

¢ P = conc(octanol)/(water)

fS = Water solubility in mol/l, pH=7.5, 25 °C PSA = Polar surface area
9Drug-likeness

#None = Green, Mild = Yellow, High = Red
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Table 5: Bioactivity score of the compounds

Complex GPCR* ICMP Kl¢ NRLY pIe El
[Cu (1,10-phen)(CsH11N3S) (CH3COO)2] -0.10 0.07 -0.14 -0.56 -0.09 0.04
[Fe (1,10-phen)(CsH11N3S) SO4] 0.00 006 -0.12 -067 0.02 0.18
[Co (1,10-phen)(CsH11N3S) Cl2] -0.12 0.08 -0.12 -0.73 -0.15 0.02
[Zn (1,10-phen)(CsH11N3S) SO4] 0.00 006 -012 -067 0.02 0.18
Doxorubicin HCI 0.20 -0.20 -0.07 0.32 0.67 0.66
Tetracycline -0.15 -024 -053 -0.09 -0.04 0.52

a G protein-coupled receptor ligand
blon channel modulator

¢Kinase inhibitor

9Nuclear receptor ligand

¢ Protease inhibitor

fEnzyme inhibitor

Table 6: Drug-likeliness parameters

Complex Lead vio® Lvio® Vvio.¢ Gviod
[Cu (1,10-phen)(CsH11NsS) (CH3COO):z] 2 1 0 2
[Fe (1,10-phen)(CsH11N3S) SO4] 1 0 0 0
[Co (1,10-phen)(CsH11N3S) Cl2] 2 0 0 0
[Zn (1,10-phen)(CsH11N3S) SO4] 1 0 0 1
Doxorubicin HCI 1 3 2 2
Tetracycline 1 1 1 0
2| ead likeness violation MW>350, XLOGP3>3.5
b Lipinski’s violation
¢Veber violation
4 Ghose violation
0.66 < NOR < 1.0D fr——
| immoncmmuml-
N [ i 0.15 < NOR < 0.33 (GREEN) !

\[( | 0.00 < NOR £0.15 iwmrz:

(2) S) iumefﬂnl!m{ﬁm] |

N
Hoi
-
NH C/\ I NH,
CLC
" H(4)

Figure 4: Predicted phase | metabolic sites in 1,10-phenanthroline and 2-butanone thiosemicarba-
zone versus reference drugs. Sites of metabolism are indicated by different colors viz. red color atoms
will be most metabolized according to the probability of a metabolic site; Red: High, Orange: Medium,
Green: Low, White: Very low and Grey: No data. 1,10-phenanthroline (1), 2—butanone thiosemicarba-
zone ligand (2), doxorubicin HCI (3), tetracycline (4)
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Characterization data

2-butanone thiosemicarbazone-
CsH11N3S. The characterization data of the
ligand has already been published in our
previous manuscript (Khan et al., 2017).
Colour-Creamish white, Solubility: ethanol,
DMSO, DMF Yield 90 %; MW-145; MP
(°C) 99.

1. [Cu (1,10-phen)(CsH11N3S)
(CH3COO0):]- Colour- Dark green, Solubili-
ty- DMSO, DMF, Yield 68 %, MW- 507.07,
MP (°C) > 350, FTIR (KBr) (cm-') 1581
(C=N Azomethine), 1518 C=N (Phen), 1426
(C=C), 774, 1059 (C=S) 3000-3302 (NH,
NH2), 488 (M-N), Amax (nm) 302, Molar con-
ductance 12.4 Q' cm ™ mol™!

2. [Fe (1,10-phen)(CsH11NsS) SOs]- Col-
our- Reddish-brown, Solubility- DMSO,
DMF, Yield 75 %, MW- 477.34 MP (°C)
>350, FTIR (KBr) (cm—') 1589 (C=N Azo-
methine), 1513 C=N (Phen), 1425 (C=C),
726, 1055 (C=S) 3295 (NH) , Amax (nm) 290,
Molar conductance 24.0 Q! cm ™! mol™!

3. [Co (1,10-phen)(CsH11N3S)CI2] - Colour-
Red, Solubility- DMSO, DMF, Yield 77 %,
MW- 455.27, MP (°C) > 350, FTIR (KBr)
(cm—") 1579 (C=N Azomethine), 1514 C=N
(Phen), 1413 (C=C), 726, 1101 (C=S), 3412,
3045, 2993 (NH, NHa), 420 (M-N), hmax
(nm), 301, Molar conductance 40.4 Q! cm™
mol!

4. [Zn (1,10-phen)(CsH11N3S) SO4]- Col-
our- Creamish white, solubility- DMSO,
DMF, Yield 78 %, MW- 486. 87, MP (°C) >
350, FTIR (KBr) (cm—") 1583 (C=N Azome-
thine), 1518, C=N (Phen), 1427 (C=C), 725,
1037 (C=S) 3200 (NH), 425 (M-N), Amax
(nm) 297, Molar conductance 8.9 Q! cm’!
mol .

The spectral analyses revealed the for-
mation of complexes. All the complexes

were soluble in DMSO and DMF and ob-
tained as coloured solids with high melting
points. The IR spectra predicted the bonding
sites of both primary and secondary ligand.
The IR frequencies showed that 2-butanone
thiosemicarbazone coordinates with the met-
al centre through the azomethene nitrogen
(Deepa and Aravindakshan, 2000; Joseph et
al., 2006) and the thione sulfur (Chandra et
al., 2001; Youssef et al., 2005), because the
C=N and C=S frequencies decrease in case
of metal complex formation. The IR spec-
trum of the free 1,10-phen ligand shows a
strong band at around 1570 cm™ due to the
stretching frequency of C=N present in the
moiety. In complexes the band was shifted to
lower frequencies indicating that the two ni-
trogens coordinate to the M(II) ion in com-
plexes (Aljahdali and El-Sherif, 2013). The
negative shift of the C=S band in the com-
plexes confirm the coordination via the thi-
one sulfur (West et al., 1995, 1993; Kurup
and Joseph, 2003). Presence of new bands
between 400-500 cm in the IR spectra of
complexes indicates the M-N bond (Raman
et al., 2009). As compared with free 1,10
phenanthroline, the C=C stretching band
(1438 cm) shifted to lower frequencies in
complexes due to coordination (Costa Pessoa
et al., 1999). High melting points of the
complexes were another indication of coor-
dination. The 'H NMR spectra of the com-
plexes were recorded in DMSO-ds. With re-
spect to free ligand the chemical shift values
were shifted in the complexes confirming the
complex formation. The multiplet due to
1,10-phen aromatic protons was obtained be-
tween 7.5-8.9 ppm. The signal obtained at
8.9-9.9 ppm was due to NH proton whereas
the NH2 peak was obtained around 9.0 ppm.
The signals due to CHs, CH2 groups in 2-
butanone thiosemicarbazone ligand were ob-
tained upfield between 1.00-2.8 ppm. The
UV-spectrophotometry data showed the
shifting of Amax at 267 nm in free ligand (7t-
7*) transition to higher values corresponding
to n-m* transition (Red shift) indicating the
ligand to metal charge transfer (LCMT).
Shifting of the UV peaks to higher wave-
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length shows Bathochromic shift or red shift
which clearly indicates the complex for-
mation (Leovac et al., 2007). Molar conduct-
ance values can help in predicting whether
the counter ion satisfies the secondary valen-
cy. Conductance depends upon the ionization
behaviour of the complex as larger number
of ionizable ions would produce greater mo-
lar conductance (Refat, 2007). All the four
complexes had very low conductance values
which were an indicative of the non-ionizing
nature of the complex (Mohamed et al.,
2009). These results are consistent with the
light-electrolytes (1:1) nature of the com-
plexes. These data indicate that the ligands
have coordinated with the metal ions.

MTT assay results

Figure 5 depicts the dose-dependent ef-
fect of the Cu, Co, Fe and Zn complexes on
MDA using the MTT assay. Cu(Il) complex
was most effective with approximately 49 %
cell viability followed by Fe(Il) complex
having 57 % cell viability approximately.
The ICso of the complexes was in between
80-100 uM range.

120 4

=
o
=]

9\2\_?_;\_

“E—3

]
=]

% Cell Viability
=)
o

40 - —e— [Cu(1,10-phen)(L)(Ac)2]
—@— [Co(1,10-phen)(L)CI2]
20 1 —A— [Fe(1,10-phen)(L)S04]
X—[Zn(1,10-phen)(L)SO4]

20 40 50 60 80 100
Dose [uM]

Figure 5: Dose response curves of effect of Cu,
Co, Fe and Zn complexes on viability of MDA
cells in vitro using MTT assay. Final concentra-
tion of DMSO in each well did not exceed 0.5 %
(v/v). Results were expressed as mean + SD of
experiments done in triplicates.

Antibacterial activity

The complexes were also evaluated for
their potential antibacterial activity against S.
aureus and E. coli in a concentration range
between 2-30 mg/mL. The Fe, Co and Zn
complexes did not exhibit any significant ac-
tivity against both species. However, Cu
complex exhibited appreciable antibacterial
activity against S. aureus (Figure 6, Tables
7-8).

Table 7: Comparison of MIC values (in mg/mL) of Cu(ll) complex and standard antibiotic tetracycline
against S. aureus

Ring Diameter (nm)
Complex

[Cu (1,10-phen)(CsH11N3S) 30
(CH3COO)2]

ND= Not detected

Tetracycline (30 mg/mL)

DMSO Compound dose (mg/mL)
12 14 15 16 18 20
ND 07 08 10 09 11 11

Table 8: Comparison of MIC values (in mg/mL) of Cu (lI) complex and standard antibiotic tetracycline

against S. aureus

Ring Diameter (nm
Complex

[Cu (1,10-phen)(CsH1iNsS) 30

CHsCOO)2
ND= Not detected

Tetracycline (30 mg/mL)

DMSO Compound dose (mg/mL)
15 18 20 25 30
ND 10 12 14 15 18
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@)

(b)

(c)

Figure 6 (a-c): Antibacterial activity of Cu(ll)
complex against S. aureus in different concentra-
tion ranges (mg/mL) (a) 2-10, (b) 12-20, 15-30

CONCLUSION

Four mixed ligand complexes containing
2-butanone thiosemicarbazone and 1,10-
phenanthroline were synthesized and charac-
terized by various spectroscopic techniques.
The complexes were evaluated for their anti-
cancer potential against MDA cell line and
for their antibacterial activity against E. coli
and S. aureus. Octahedral geometry was as-
signed to the complexes. Through spectro-
scopic studies it was concluded that both lig-
ands coordinated to the metal ion. The com-
plexes possessed appreciable thermal stabil-
ity. Computational studies are a helpful tool
to predict overall activity spectrum of a syn-
thesized molecule. Understanding various
aspects of how a compound affects biologi-
cal structures, various metabolic processes
and pathways and overall impact on physio-
logical response is of prime importance. The
present study used different prediction rules
to predict oral bioavailability of compounds
which can lead to a path of the discovery of
new safer drugs. In the study computer-aided
prediction of physicochemical properties,
toxicity potential and bioactivity score was
done. The synthesized compounds possessed
positive bioactivity scores against some of
the human receptors like ion channel modu-
lator and enzyme inhibitors. OSIRIS Proper-
ty Explorer version 4.5.1 was used to predict
toxicity and druglikeness showing apprecia-
ble results. Molecular docking was done
with two target proteins to know binding in-
teractions in terms of van der Waals, H-
bonding and electrostatic forces of attraction.
The Cu(Il) complexes exhibited maximum
anticancer and antibacterial potential. In fu-
ture, these complexes would be tested on
other cancer cell lines along with their anti-
oxidant and DNA cleavage activities. For
validation of toxicity and other side effects
of the complexes, they need to be tested on
normal cell lines as well, in future.
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